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Abstract to neutralized level with that of beam, is too high to keep
. . . . .. the beam with the design parameters.
Damping rings of Linear Colliders are very low emit-
. When electrons are absorbed at the chamber wall sur-

tance £, < 1 nm) and high currentl( ~ 1A) storage L .
: : ; . face, secondary electron emission is taken into account
rings which accumulate electron and positron during sev-.

L : U with the formula [5],
eral damping times. The positron damping ring seems to be
serious for electron cloud instability obviously. We discuss
electron cloud build-up, coupled and single bunch instabil-

ities for the damping rings of GLC/NLC and TESLA. 4+ Jo.max X

62(E) = 02(0)exp(—5E/Emax) @)
E 1.44
Emax0.44 + (E/ Emax) 44’

INTRODUCTION where Emax = 300 eV, §,(0) = 0.5. The peak sec-
. . . ) ) ondary yield > max), which depends on chamber material,
Design of Linear Collider projects are in progress as & scanned between2 ~ 2.0.

worlq wide cpllaboraﬂon. The_re are two possw_)mty fo_r We calculate electron density using the simulation code
the linear collider scheme: one is normal conducting cavitye| [6]. Motions of electrons interacting with beam are

with X/C band power source, and another is supercondugiz yeq. and creation and absorption of electrons are repro-
ing caV|t_y with L bapd power source. . duced on a computer. The distribution and the accumulated
A positron damping ring storages positron beam duringmper of electrons in the vacuum chamber are obtained as
several damping time and extracts the beam with & vefysnction of time. Space charge force between electrons is
low emittance to a main acceleration linac of the lineapeq|ected in these calculations, since an amplification from
collider. The damping ring accumulates many positroR gma| number of electron is focused. Figure 1 shows the
bunches of the population ef 10'? with a narrow spac-  gjectron amplification, which is the number of accumulated
ing. The positron beam emits synchrotron radiation phQsiecirons in a chamber normalized by the initial number.
tons, which creates a large number of photoelectrons at tlﬁzle amplification factor4.) exponentially grows for time
chamber surface. Thouglh ante-chambers are used to aVQ{dnigh62 max. The pulse (train) length of bunches is 270
the photoelectrons, considerable rate of photoelectrons apd (192 bunchx1.4 ns for GLC/NLC, while bunches are
secondary electrons are accumulated in the chamber. Styg, every 20 ns (2820 bunches) in the TESLA damp-
of the electron cloud effect in the damping ring is one ofth«;:ng fing. The amplification is 4066 max = 1.2) ~ 1000
most important subject to realize the linear collider. (32.max = 1.5) for GLC/NLC. The a{mplification in bend-
Some works on the electron cloud effect (CLIC, NLC,ng magnets is worse than that of drift space. For TESLA
TESLA and JLC) have been done for damping rings of linge amplification is followed up to 4S. 6y max < 1.8 is
ear collider projects as shown in Refs. [1, 2, 3, 4]. In thigo problem for drift space, but electrons are accumulated
paper, studies of electron cloud build-up, coupled bunc the bending section even {65 max = 1.7. These results
and single bunch instabilities in GLC/NLC and TESLAere consistent with those given by M. Pivi et al. [4].
damping rings are presented. We next consider the primary yield of electron. Elec-
The parameters of damping rings are shown in Table ¥ons are produced by ionization of residual gas due to
There are two parameters for the GLC/NLC damping ringyositron beam. The electron production rate per a positron

where | and Il are old and present ones. travelinginameteris; ~ 1x107 8¢~ /(m-et) at2x10~7
Pa.
ELECTRON CLOUD BUILD-UP Positron loss at chamber creates electrons, but the loss

rate is very small. If the beam life time is 1 hour, the loss

At first we investigate multipactoring threshold of elecrate isn;, = 1072t /(m-e*)Y,. It does not seem to be
tron cloud build-up. Above the threshold, a small numiarge, depending on the conversion efficiency6fto e,
ber of electrons are amplified exponentially, with the resuly’.
that final electron density, which does not depend on ini- The photo-emission due to synchrotron radiation is fur-
tial yield of electrons, is determined by a balance of beamher dominant from the above two sources. The number of
electron force and space charge force between electrons gifioton hitting the chamber wall is given by
such case, the line density of electrons, which increases up
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Table 1: Basic parameters of the GLC/NLC and TESLA damping rings

GLC/NLC-l | GLC/NLC-II TESLA

circumference L (m) 348.3 300 17,000
energy E 1.98 1.98 5.
bunch population | N, 0.75 x 101 | 0.75 x 10'° 2 x 1010
bunch spacing £y, (ns) 1.4 1.4 20
emittance ez (M) 7Tx10710 | 24x10719 | 3x 10710

gy (M) 5x 10712 | 36x10712 | 8x 10713
typical beta function| 5 (m) 10 10 35(H)/66(V)
bunch length o, (mm) 5 5.5 55
synchrotron tune Vg 0.01 0.00118 0.066
beam pipe radius | R (cm) 1.0 1.0 25

1000 L R 1000 N metrical design, where photons are absorbed.

s ] A test ante-chamber made from copper was installed in
. L KEKB-LER to investigate the density and yield of the elec-
ok 1 o 1 tron cloud. Electrons detected by the monitor using button

100 | 13 A 100 |

Ae
Ae

NLC/GLC Drit NLC/GLC Bend electrode were reduced to be 1/100 of the case of cylindri-
2 L s LM
o we a0 w0 o e a0 w0 cal cupper chamber for low beam current100 mA [8].
10000 ; 10000 —— The reduction factor decreased to be 1/5 for high beam cur-
1000 o 1 wof 20/ 7 / 1 rent> 1 A. This decrease of the ratio seems to be due to

that multipactoring gradually dominates at the higher beam
current. From the detected electron at low current, it is

conjectured that the antechamber protected 99% of elec-
e 01— trons, produced by photo-emission at the KEKB test ante-
t (nsec) t(nsec) chamber.

We evaluate electron cloud build up with a condition,

Figure 1. Amplification of electron cloud. The amplifi- the protection of primary electrons, 99.56999%, and the
cations, which are the numbers of accumulated elecm@écondary peak yieldis max — 1.2. As is shown later

normalized by those of initial electrons, for (a) GLC/NLC-yhe condition is critical for the electron cloud instability

Il in drift space, (b) GLC/NLC-Il in bending magnet, (€) i yhe GLC/NLC damping ring. The electron density is

TESLA n drift space, and (d) TESLA in bending magn‘atroughly estimated by the initial yield, the beam line density,

are depicted. the amplification and cross-section of the chamber. ais
10~4x0.75% 1010 % 30/(0.42x0.01%7) = 5.6x 10" m~2,

for a positron in a meter, whereand-~y are 1/137 and the Where 30 is the amplificationA;) shown in Figure 1(a).

relativistic factor, respectively. The photon hitting rate icSimulation considering initial production rate is performed
n, = 0.65v/(/m - e*) for the GLC/NLC damping ring. to obtain the cloud distribution and density in detail. Space
T%e number of photo-electron produced by a positron &harge force of electron cloud is taken into account in these

the chamber is given by calculations. . . .
The electron production rate is now given by

Ae
Ae

dm=1.7" TESLA Bend

+\ —
Realfm €7) = ot ) Ney = 0.065%0.005—0.01/m-et = 3.3—6.6x10™* /m-e ™.
The direct photo-emission rate was estimated td’be= 4)
0.1 for cylindrical chamber. This value was consistent with  The beam chamber is assumed to be cylindrical shape
an in situ measurement of electron current using buttoand electrons are produced uniformly along azimuthal an-
electrode in KEKB-LER [7]. The electron production rategle with the reduced rate in the simulation.
due to photo-emission is., = 0.065¢~/(m-e™) per a Figure 2 shows variation of electron cloud density as a
positron traveling in a meter for the GLC/NLC dampingfunction of bunch passage in the GLC/NLC damping ring.
ring (Y5 = 0.1). This value is 10 million bigger than that of Note that the unit of the horizontal axis corresponds to 1.4
ionization. If the electrons are accumulatéd= 10 times ns. Averaged density of whole chamber and local density
of the yield in the chamber, their density, which reaches toear beam are plotted. Pictures (a) and (b) shows the den-
the neutralization level, is serious for the beam. The elesities for 99% and 99.5% protection cases, respectively, in
tron yield caused by the photo-emission must be reducettift section, and (c) and (d) shows densities for the same
by an ante-chamber. The reduction rate depends on gamses in bending magnets. The central density is modulated



strongly by focusing of beam. The lowest value of each
time (bunch) is the density, with which a bunch starts to
interact the cloud, is used in the head-tail simulations. The
density increases and saturates at a certain density in drift
space, while does not saturate in bending magnet. Since
the train length is limited to 192 bunches, the density is not
very high in bending magnet. The central local density is
lower than that in drift space, if anything. In bending mag-
net, electron motion is restricted along vertical direction,
therefore the central density is not high. Depending on pa-
rameter, dense pillars of electrons are seen in a bending
magnet [9]. Instabilities are evaluated mainly for drift sec-
tion in following section, because of the higher densities.
The saturated density $sx 10'2 m~2 and1.5 x 102 m~3

for 99% and 99.5% protection, respectively, at center, and
1.4 x 10*2 m=3 and 0.7 x 10*2 m~3 for average. This
value0.7 x 102 m=3 is consistent with the simple esti-
mation from the initial rate and the amplification factor,
5.6 x 10" m~3. and therefore the density linearly depends
on primary yield of 0.5% or 1%.

COUPLED BUNCH INSTABILITY

The coupled bunch instability is caused by a long range
(~ m) wake field, which is induced by the electron cloud.
The wake field is evaluated as follows [6],

e Primary electrons are created in every bunch passage
through the chamber center with the line density.
Secondary electrons are created at absorption of an
electron with an energyH,;s) by the rat&s(Eqps)-

e The creation process is repeated until the cloud den-
sity saturate at a certain value. These two steps is the
same is the build-up simulation.

e A bunch with a slight displacement passes through the
cloud, and then following bunches without displace-
ment pass through the chamber center.

e The creation process is repeated for the displaced and
following bunches.

e The following bunches experience forces from the
cloud, because the cloud is perturbed by the passage
of the displaced bunch. The wake field is calculated
by the forces.

Figure 3 shows the typical shape of the wake field (99 %
protection). In the figure, 180-th bunch is displaced 1 mm
and the average velocity kicks of electrons, which are rij:—.
lated to the kick which bunches experience, are plotte
The wake field for drift space and bending magnet are d§—
picted in pictures (a) and (b), respectively. The wake fiel
in drift space has general feature of the transverse wa
field: namely it is defocusing for small, with the result
that higher (or negative) modes (~ nwy — wg, where
0 < n < H/2), are enhanced in the unstable spectrum.
On the other hand, the wake in bending magnet has focus-
ing nature for smalk, especially in horizontal. In this case
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9% and (b) 99.5% in drift space, and (c) 99% (d) 99.5%
krébending magnet are depicted. The center cloud density
IS that of radius of 1 mm.



lower modes ¢ ~ nwy + wg) are enhanced (see Figure 0.002 —

T T T T
4(b)). Similar feature is seen in mode spectrum with apply-
ing solenoid field [10]. 5 0001} N
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Figure 4: Growth rate for vertical coupled bunch instability

2e+06 L L L caused by the electron cloud in the GLC/NLC-II damping
180 185 190 195 200 ring. Mode spectra in drift space angle bending magnet are
depicted in pictures (a) and (b), respectively.
Figure 3: Long range wake field induced by the electron
cloud The wake field is represented by unit of velocity kick
of electron cloud (m/s). Red and blue points are horizont&llectron (photon) protection rate is required to be less than
and vertical wake, respectively. 97% for o max = 1.2 and 98.5% fords max = 1.3 (see
Figure 1(a). Note that the amplification factor is twice at
The growth rate of the coupled bunch instability is estide max = 1.3).
mated by the formula

o N S~ dvys seikiminin, g SINGLE BUNCH INSTABILITY

Cwn —
? 7 dmwyN, — dyo A single bunch instability is caused by a short range
~ cm) wake field, which is induced by the electron cloud.
he short range wake field can be analytically estimated
by a simple model: that is, beam and electron cloud with
the same transverse size interact with each other. We focus

bunch due to displacement of a bungf)(in unit of ve- on the vertical instability in this paper. The wake field is
locity kick of photoelectron cloud divided by the displace_represented by a resonator model. The resonator frequency

ment. Figure 4 shows the growth of the coupled buncﬁ”e) corresponds to oscillation frequency of electrons in the
mode caused by electron cloud. Mode spectra in drift spa@&2™ field,

angle bending magnet are depicted in pictures (a) and (b), . — | Agrec? 6)
respectively. Modes with positive values are unstable in oY oy(ox +0y)’

the figure. As is discussed above, higher order mode is ) o

unstable in drift space, and lower order mode is unstabi¥heréA, ando.(,) are the beam line density in a bunch
in bending magnet. The growth rate in bending magnet R"d transverse beam sizes, respectivelyandc are the
slower and occupation of the bending magnets is not muclectron classical radius and the speed of light, respectively.

therefore mode spectrum in drift space will be observed ihhe wake field is expressed by
experiments.

where N, is the number of the photoelectron produced b
a bunch through the ring circumferencé, the number of
positrons in a bunchp the range of the wake field, and
~ the Lorentz factor.dv, 1 /dy, is the wake field fork-th

The growth rate was obtained a80us (300 turn) and Wi(z) [m™?] = c& sin (&z) , @)
600us (600 turn) for 99% and 99.5% protection, respec- Q ¢
tively. The coupled bunch instability can be cured by §ynere
bunch by bunch feedback system, which can have a damp- Rs A L We

ing time of 100m (100 turn). From these results, the 66 - Igy(o-x +0y) o (®)



The density of electron cloukl, which is local line density instability is expressed by

near the beam, is related to the electron volume depsity

via A, = 27p.0,0,. In our parameters (GLC/NLC-l), 7 — V3M\reBwo [Z1(we)| _ VBAyrefd | Z1(we)l _ |
YWeMOT 5 ZO rYVsWeO'z/C ZO

Rs/Q = 0.94 x 107m ™2 . =55x 10151 (9 11
cRs/Q % “ % N © ForU > 1, the beam is unstable.

. ) . . We estimated the threshold value of electron cloud den-
We can also estimate the wake field using numerlcgli,[y for various positron storage rings

method. Electron cloud is much larger than beam size, non-

linear force may be important and electrons are focused 2vVsweo, [ C
(pinched) at the beam center. The numerical calculation Pe,th = 7KQ\/§reﬂL
can take into account these effects partly. The wake field

is calculated in a similar way as that for the coupled bunchhe results the damping rings are shown in Table 2.
instability. The beam is uniformly distributed alongdi-

rection, and as the initial condition the electron cloud isape 2: Single bunch electron cloud instability in positron
set to be a uniform distribution with a large transverse SiZ&orage rings. The enhancement factor is chosen f6 be

(12)

(100, x 100y). 3. The impedance is evaluatedat= 102 m=3.
reror Vertical wake variable (unit) G(N)LC-I [ G(N)LC-Il [ TESLA
¢ T w0, /c 9.1 133 13.0
teso7 1! ] pen (1012 m=3) 2.64 6.21 0.22
§ \“ Pe,sim (1012 m_3) 15
é 0 [\ ’,f\ aN \/f/\ p ’
g “ | |V
-1e+07 - | T The threshold density for the GLC/NLC damping ring is
larger than the predicted cloud density5( x 10'2 m—3):
-2e+07 Il Il Il Il Il . . . . .
0 0.005 001 0.015 0.02 0.025 0.03 that is, the single bunch instability does not occurs in the
-z (m) present condition.

Though the wake field approximated by the resonator
Figure 5: Short range wake field induced by the electromodel permits us to study the instability with simple an-
cloud. alytic methods, the estimation of the threshold includes
somewhat ambiguous factors: i.e., for example, how to
Figure 5 shows the vertical wake field obtained by th€hoosekK and@. SinceK is related to pinching, one may
simulation. The wake field in the figure damps along chooseK ~ w.o./c. A value of @ which is larger than
due to nonlinear interaction with the electron cloud, thougko-/c is meaningless. To remove the ambiguity, tracking
that in Eq.(7) does not damp, namely a finipefactor is ~ Simulations are required.

obtained. The figure shows a slightly largeiRs/Q = Two types of simulations have been done to study the
1.4 x 107 m~2 than the analytical value, ar@ ~ 3. w. is  Single bunch instability due to the electron cloud. One is
close to the analytical value. simplified simulation, in which a positron bunch is repre-

The impedance due to the electron cloud is written as sented by macro-particles distributed on the longitudinal
phase space [12, 13, 14]. This model is a kind of extended

cRg 1 two particle model, which is used for studying the head-tail
Z(w)=— R (10)  effect due to ordinary impedance.
1+4+4Q (we — w) Another is more accurate model, in which a positron

bunch and electron cloud are represented by many macro-
Ae L welo Q particles. A bunch is divided into many-(50) longitu-
Ay oy(og +oy) wdm 1+iQ (‘Ue _ W) 7 dinal slices, and their interactions with cloud is evaluated
W We by solving electric potential with particle in cell method.
A code named PEHTS is used for the simulation [15].

whereK is an enhancement factor due to cloud size, pinchFhe same method is used in the strong-strong simulation
ing etc. [11], andZ,, is the impedance of vacuur@77<2).  for studying the beam-beam effects. Detailed algorithm is
The figure 4 showd( = 1.5. In the case of KEKB, the presented in Ref.[16]. The same algorism is used widely
enhancement factor wds = 2 ~ 4 for the vertical wake in the beam-beam, beam-ion and beam-cloud simulations
field. [17, 18, 19, 20].

The single bunch instability is estimated from the wake One typical single bunch instability mechanism is the
field. We use the coasting beam model to evaluate the ihead-tail effect. Though another mechanism, which is re-
stability, because of.o./c > 1. The threshold of the lated to a large tune shift induced by electron cloud, may




be exist, the instability mechanism has been studied but is 1.5e-05 : : T T T

not clear yet [21]. Therefore we focus head-tail effect in -
this paper, though the other instability is seen in following 1e-05 - } Beam size
results. _ se0s | %y T o |
In the simulation, beam-electron interaction is estimated E Cloud amp, 2%

several times in one revolution of beam. The head-tail ef- - 0r £, @W** X
fect does not depend on tune basically except for a special R
tune. The instability is characterized by interaction strength e06 Beam amp. |
per one synchrotron period. The interaction may be ap- 1e-05 L ! !

3 2 -1 0 1 2 3

plied continuously or some discrete kicks. The difference

is negligible if many kicks are applied in one synchrotron zlsigz
period. Since synchrotron tune is much less than 1, one 6e-05 T T T T
kick per revolution is sufficient except for special tune with 40-05 1 . Cloudamp.  Beam size -
a synchro-beta resonance. N
This fact means that the head-tail effect is scaled by in- —~ 2e-05F iy b
. . .. 1S e
tegrated interaction (wake) strength divided by synchrotron = A n
. 0 *x T Pk X ¥ 7
phase advance: namely + W
-2e-05 T
[o@as/ [otsds~pme @3) 0 Beam anp.
_4 - 5 1 1 1 1 1
¢ -3 -2 -1 0 1 2 3
If some kinds of phenomena deviate from the scaling, zlsigz

they are another kind of instability, otherwise they are false. _ .
We sometimes face the other instability than head-tail orfégure 6: Beam and cloud centroid, and beam size along
in the simulations. The judgment whether true or falséhe longitudinal coordinate. Pictures (a) and (b) are given
sometimes confuses. The typical case can be seen belofor vs = 0 and= 0.002.
The scenario of the head-tail instability is as follows.
MOt'O.n of each particles in a bun(;h (cloud) moving in 2%uch the beam enlargement. Actually the cloud is consid-
electric potential of cloud (bunch) is calculated. Electrons . . L
. ) X . éred to distribute uniformly along the ring in most case. In
which oscillate with the frequencyw( in Eq.(6)) causes ;. . : .
. . this case this enlargement is false. This type of beam en-
variation of dipole moment of the bunch aloag(y (z;)), L :
: - e X : largement must be treated carefully in simulations. Any-
wherez; is the longitudinal position of-th slice. Dipole e o
: way the threshold of the head-tail instability is given as
moment of cloudy. (¢ = z;/c)) moves along the interac-

N N 12 n—3 _
tion of i-th slice of the bunch coherently with the frequencype/ys. 0.'5 ! x 10% m™/0.01 fOT the. .GLC/NLC l 0
(we). The beam sizéy? (=,)) grows due to smear of the damping ring. This threshold value is critical for 99.5%

. . protection of photons but is serious for 99% protection.
dipole motion of beam. The same simulation was performed for the second pa-
We first present the simulation results for GLC/NLC-I P P

damping ring. Figure 6 shows typical feature of the hea%ameter, GLC/NLC-II. Figure 9 shows the growth of the

tail instability. Transverse dipole moment of a bunch an eam size as a fijanti%n of time (turn) for cloud densities
cloud along the longitudinal direction, and dipole moment¢ 1 and2 * 1.0 m ?”d_”s = 0.0118. The thlrzeshgld

of cloud are depicted in pictures (a) and (b) fgr= 0 and ofthe head-tail instability is given as ~ 1.*2X.10 m

— 0.002 i for v = 0.0118 at the GLC/NLC-1l damping ring.

: . . We next discuss for the TESLA damping ring. The
Figure 7 shows growth of beam size for various clou S . ' ;

” . . ESLA damping ring has a long wiggler section with 500
densities and various synchrotron tunes. pictures (a), (b

(c) and (d) are obtained for the cloud density, = 1, length. The cloud density _of drift space is cons[dered
1 -3 . . to be much less than that of wiggler section. In the simula-
2, 5, and 10x10** m~7, respectively. In each picture,

evolutions for some synchrotron tunes are depicted. Tﬁlon, feature of the instability is determined by the averaged

threshold for the synchrotron tune is 0.001, 0.002, 0.00 oud density integrated over the ring circumference,
and 0.01, respectively: that is, the threshold synchrotron 1

tune is scaled by the density. pe=7 j{pe(s)ds-

Figure 8 shows the scaling fg¥/vs. Evolutions for

pe/vs = 1 x 1011 /0.001 in the figure grdens are depictedBeam is flat shape at arc and wiggler sections, while is
in this figure. For low cloud density less thai 101! m=3,  round shape at drift section in the ring. Since the wiggler
the evolutions of the beam size have good agreement eaaid arc section is dominant, the simulation is performed
other. The growth fop, = 1 x 10'2 m~2 deviates from for flat beam. Figure 10 shows growth of the vertical beam
others. The deviation are not explained by the head-taize. We put 10 interaction point with electron cloud in
effect. It is due to that electrons are localized in the simuthe ring. This simulation is performed with the condition
lation. If actual distribution is localized, we may observethat electrons move freely: that is, electrons in drift space

(14)
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Figure 7: Growth of the beam size as a function of tim
(turn) for various cloud densities and synchrotron tunes
the GLC/NLC-I damping ring.
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vs = 0.0118 at the GLC/NLC-II damping ring.

are taken into account. An evolution of the beam size for
various cloud density is depicted in picture (a). The pic-
ture shows that beam enlargement is seen for cloud density
pe > 5 x 1019 m=3. The behavior fop, = 5 x 101 m=3

is somewhat different from those of higher density. Picture
(b) depicts the beam size evolution for 10 and 40 interac-
tion points at the cloud density of = 5 x 10'° m—3. The
beam size growth disappears for 40 interaction points: that
is, the growth, which is caused by localized distribution of
cloud, may be false. Figure 11 shows growth of the vertical
beam size in the condition that electrons move only vertical
direction: i.e., motion in strong bending field is taken into
account. The threshold, which is somewhat higher, is in the

range ofp, = 10 — 20 x 100 m=3,

We conclude the threshold density is in the range of
pe = 5 — 10 x 10° m=3 at the TESLA damping ring.
If electrons in strong bending field dominate the instabil-
ity, the threshold includes tp, = 10 — 20 x 10'® m=3.
The wiggler section occupies 3% of the whole ring, there-
??re the local density of the wiggler section should be
fess thanp.., = 3 — 6 x 10'2 m=3, where the thresh-
old for strong bending field is multiplied by 30. The neu-
tral density estimated by the beam line densitpds, =
2 x 10%°/(6 x 0.032 x 0.018) = 5.8 x 102 m~3, where
the cross-section of wiggler chambeBisx 18 mm?. If the
wiggler section, the cloud density is neutralized by multi-
pactoring, the instability may be serious. Some care (for



example putting gaps in the train), may be required so thaig magnets, respectively féh max = 1.2 — 1.3 in the
the density does not increase to the neutralization level. GLC/NLC damping ring. Basically the threshold for the
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TESLA damping ring is higher than that for GLC/NLC.
However since the train length is very long in the TESLA
damping ring, some care (for example putting gaps in the
train) may be required.

We estimated cloud density for the primary electron pro-
duction raten, = 3.3 x 10~*/m - e* and secondary yield
02, peat = 1.2 in the GLC/NLC-II damping ring. Electron
cloud is built up to the density df.5 x 10'2 m~3 at center
and0.7 x 102 m~3 in average, if 99.5% of the photoelec-
trons are protected by an antechamber.

The growth time of the coupled bunch instability was
600 s (600 turns) in the GLC/NLC-1l damping ring. The
growth can be cured by a bunch-by-bunch feedback system
which can has capacity of damping time of about 100 turn.

The threshold of the single bunch instability was esti-

E 6e05 T mated by an analytical theory and tracking simulations.
B e0s The threshold was estimategd = 2.9 x 10 m~3 at
vs = 0.01 andp, = 6.2 x 102 m~2 atv, = 0.0118

2e-05 |/ rhoe=5e10 m~-3 in the GLC/NLC-1 and Il damping rings, respectively by

IP=40

100 200 300 400 500 600
turn

the analytic theory. Tracking simulations were done to de-
termine more accurate threshold cloud density. Thresh-
old of the single bunch instability was scaled py/vs.
The scaled threshold was in the rangeggfv, = 0.5 —

Figure 10: Evolution of the beam size for various cloud x 10!2/0.01 m=2 and1 — 2 x 1012/0.01 m~3 for the

densities. Picture (a) is obtained for 10 interaction point&LC/NLC-I and I, respectively. These threshold values
with cloud. Picture (b) is obtained for 10 and 40 interhad a discrepancy of factor 3-6 between analytical the-
action points at cloud densitiggs = 5 x 10'° m= and ory and tracking simulation. The discrepancy is not es-

1 x 101 m=3, sential problem, but should be considered the limit of the
linear theory. A large phase angle of electron motion in
a bunch,w.o./c > 10, induces pinching or disruption
0.00012 —— of the cloud, with the result that the linear theory over-
0.0001 L estimates the threshold of the instability. Our conclu-
sion for the single bunch instability is the values given
= 0T by simulations,p. /v, = 0.5 — 1 x 10'2/0.01 m~3 and
S eeos| . 1—2x 10'2/0.01 m~3 for the GLC/NLC-I and Il, respec-
@ 46-05 1 ] tively. This threshold value is critical for 99.5% protection
| of photons but is serious for 99% protection.
o5y ) rhoesteltmd 7 The same analysis was performed for the TESLA damp-

0
0 100 200 300 400 500 600 700 800

Figure 11: Evolution of the beam size for various cloud—10x1
densities. Picture is obtained for 40 interaction points &
cloud densitiep, = 1 x 10! m=3 and2 x 10! m=3,

turn

SUMMARY

ing ring. The analytic theory gave the threshad® x

10" m=3. The tracking simulation, in which electrons
move freely, showed the threshold in the rangepof=

09 m=3 for v, = 0.065. The simulation, in which
lectrons move in strong bending magnetic field, showed
the higher thresholdz. = 10 — 20 x 10'° m=3. Here we
usep. (Eq.14), because the cloud density strongly depends
on section in the TESLA damping ring. The simulation for
free electrons have again discrepancy of factor 2-4 due to
the large phase angle.o./c = 12, while that in bending

We have studied electron cloud effects in the GLC/NLGnagnet is roughly consistent with the linear theory. In the

and partly in the TESLA damping rings. Multipactoring strong magnetic field, electrons are pinched only along the
condition, in which electrons increase exponentially, wagertical direction, therefore it is understood that the simu-
evaluated for drift section and bending magnet. The threshation in bending field showed better consistency.

old value in drift space wa&, max = 1.3 for GLC/NLC- The wiggler section occupies 3% of the whole ring,

I and 1.9 for TESLA. In bending magnets, Amplifica-therefore the local density of the wiggler section should be
tion factor is 40-70 and 30-70 in drift section and bendiess tharp. ,, = 3 — 6 x 10'> m=2. Probably the head-



tail instability does not occur, if some cares, for example
putting gaps in the train, are done so that the cloud density
does not increase up the neutralization level in magnets.
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